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and Joseph H.  Kemp, Jr . 
Arnes Research Center 
Moffett Field,  Ca l i f .  

An experimental invest igat ion was made of the  flow f i e l d  and surface  
pressure d i s t r i bu t i ons  f o r  an en t ry  configuration consis t ing of approximately 
hal f  of a b lunt  cone with a semiapex angle of 30' and base -mounted f  lap-type 
controls .  This configuration commonly known as  the  M - 1  was t e s t ed  over an 
angle-of -at tack range of -15' t o  +15O a t  Macli numbers of 7 .4  and 10.4 with 
corresponding Reynolds numbers based on body length of 800,000 and 600,000. 

The r e s u l t s  indicate  t h a t  f o r  some conditions, the  body-generated flow 
f i e l d  induces high l o c a l  pressures (coef f i c ien t s  as  high a s  9.4)  and l a rge  
pressure gradients on the  controls .  Varying the  aspect  r a t i o  of t he  
caused changes i n  l o c a l  f l a p  pressure coef f i c ien t s  of a s  much as  

ITJTRODUCTION 

The benef ic iaJ  e f f ec t s  of l i f t  i n  decreasing the  decelera t ion and 
increasing t he  maneuverability of ent ry  vehicles a r e  discussed i n  r e f e r ence l ,  
and a pa r t i cu l a r  l i f t i n g  body, re fe r red  t o  as the  M-1,  was suggested as  a 
possible manned en t ry  configuration.  Numerous experimental s tudies  of t h i s  
shape have been conducted. (The most recent force  t e s t s  were reported i n  
reference 2, and a l i s t  of references t o  p r i o r  invest igat ions  may be found 
i n  t h a t  r epor t .  ) 

In  the preliminary invest igat ion of the  pressure d i s t r i bu t i on  on the  
body and controls  a t  Mach numbers from 3 t o  6 ( r e f .  3 ) ,  unusually l a rge  p res -  
sure  coef f i c ien t s  (up t o  5 .0)  were measured on the  con t ro l  surfaces .  Because 
of the severe heating problem of controls  with such large  pressure coe f f i -  
c ien t s  a more de ta i l ed  study was made of pressures on and near the controls .  

The present  repor t  presents the  r e s u l t s  of t h i s  study of pressures on 
the  body and control  surfaces and the  p i t o t  pressures i n  the  flow f i e l d  
between the  shock layer  and the  body. The study included: (1) e f f ec t s  of 
control  de f lec t ion  on body surface pressures, ( 2 )  e f f e c t  of aspect  r a t i o  on 
p i t ch  f l a p  pressure d i s t r ibu t ions ,  ( 3 )  e f f e c t  of introducing a gap between 
the  base of the  model and the  f l ap  hinge l i n e  on the f l a p  pressure d i s t r i b u -  
t ions ,  and ( 4 )  in terference e f f ec t s  between f l a p  conlponents . 



NOTATION 

width of control  
aspect  r a t i o ,  

length of control  

-p, p i to t -pressure  coef f i c ien t ,  - 
4, 

d base diameter of model 

M Mach number 

P s t a t i c  pressure 

PC0 f r e e  -stream s t a t i c  pressure 

p~ 
p i t o t  pressure 

4, f r e e  -stream dynamic pressure 

Re Reynolds number 

S distance measured along a surface element from the  point  of 
in te r sec t ion  of the  surface with the cone ax i s  

- 
S surface distance S a t  the  plane of the  base 

x distance from the  nose measured p a r a l l e l  t o  the  cone ax i s  

z  distance from the body surface measured p a r a l l e l  t o  the  base plane 

a angle of a t tack,  r e l a t i v e  t o  the  f l a t  upper surface of t he  model 

6  def lec t ion angle of the  control1 

6~ 
def lec t ion  angle of the  yaw segment of the  roll-yaw control1 

5 distance measured normal t o  the  surface 

"l angle between the free-stream d i rec t ion  and the  normal t o  the  
control  surface 

' ~ t  zero def lec t ion angle the  control  is  normal t o  the  model base plane 
f o r  a l l  controls,except the  r o l l  control ,  i n  which case the def lec t ion angle 
i s  zero when the control  i s  i n  the  plane of the  s ide  control  upon which it 
is  mounted. Posit ive d-eflections i n  a l l  cases a r e  outward i n t  
stream. 



Subscripts 

av average 

L l e f t  s i de  looking upstream 

2 lower con t ro l  

max maximum 

R r i g h t  s i de  looking upstream 

r r o l l  con t ro l  

u upper con t ro l  

APPAMTUS AII\SD TESTS 

The t e s t s  were conducted i n  the  Ames 3.5-foot  hypersonic wind tunnel .  
This f a c i l i t y  i s  of the  blowdown type capable of operating a t  nominal Mach 
numbers of 5 ,  7, and 10, a t  t o t a l  pressures up t o  1800 pounds per  square 
inch. Stagnation a i r  temperatures up t o  2100' R a r e  avai lable  f o r  t e s t i n g  
times up t o  2 minutes. Heliwn i s  in jected through an annular s l o t  i n  the  
subsonic sec t ion  of the  nozzle t o  provide a layer  of cool  gas along the  
nozzle and t e s t  sec t ion  walls .  A s impl i f ied  schematic diagram of the  f a c i l -  
i t y  and a photograph of the  t e s t  sect ion a r e  presented i n  f igures  1 and 2. 
The model support system is hydraul ica l ly  actuated and servocontrolled over 
an angle-of -a t tack range of -5' t o  +15'. The operation of the  wind tunnel  
i s  automatic during a t e s t  run; the model a t t i t u d e  sequence and the  stagna- 
t i o n  pressure desired a r e  programmed in to  the  con t ro l l e r  p r i o r  t o  a run. 
The data  a r e  recorded on magnetic tape a t  a r a t e  of 2500 samples pe r  second. 

The model was approximately hal f  of a b lun t  cone with a semiapex angle 
of 30° and base-mounted f lap-type controls .  The dimensions of the bas ic  
body and the  con t ro l  s e t  investigated a r e  shown i n  f igure  3 .  The locat ions  
of the  pressure o r i f i c e s  a re  given i n  f igures  4 and 5 and representat ive 
photographs of the  flaps, pressure rakes, and body a r e  shown i n  f igures  6 and 
7 .  The bas ic  con t ro l  s e t  se lected f o r  study consis ts  of s ing le  upper and 
lower p i t ch  f l a p s  having aspect  r a t i o s  of 1 . 0  and, f o r  d i r ec t i ona l  control ,  
two s ide  f l ap s  having aspect  r a t i o s  of 0.6. A quar ter  segment of each s i de  
con t ro l  was def lec ted a s  shown i n  f igures  3 ( b )  and 7 ( b )  t o  provide r o l l  con- 
t r o l  i n  the manner studied i n  reference 2. These controls  a r e  re fe r red  t o  
i n  the  manner studied i n  reference 2. These controls  a r e  referred t o  i n  t h i s  
repor t  a s  "yaw-roll" f l ap s .  The designation 600 - 30°, f o r  instance, w i l l  be 
used t o  denote 6y = 60° with br = 30'. In  addi t ion t o  the  bas ic  p i t c h  
f l a p s  having an aspect  r a t i o  of 1 .0 ,  p i t ch  f l ap s  having aspect  r a t i o s  of 
0.6, 0.5, and 0.333 were a l s o  t es ted  a t  def lec t ions  of 60° and 90'. 



The models were constructed of s t a i n l e s s  s t e e l  which has good s t rength  
a t  elevated temperatures. Cold a i r  was c i rcula ted ins ide  the models t o  
maintain a moderate and invar ian t  temperature of the pressure transducers 
during the data-taking por t ion of the  t e s t  runs. 

The t e s t s  were conducted a t  Mach numbers of 7 .4  and 10.4 and a t  f u l l -  
sca le  Reynolds numbers, based on the  body length, of 800,000 and 600,000, 
respect ively .  The data  were recorded automatically a t  each of 14  angle-of- 
a t t a ck  posi t ions  during an average t o t a l  t e s t i ng  time of about 1-1/4 minutes. 
A t  each angle of a t t a ck  one of the  pressure readings was monitored, and the 
data  were recorded when the  pressure s t ab i l i z ed .  Since t he  normal angle-of- 
a t t a ck  range f o r  the s t r u t  mechanism i s  -5O t o  4-15', it was necessary t o  
t e s t  some configurations inverted t o  cover the  + 1 5 O  angle-of -at tack range of 
these  t e s t s .  A few shadowgraph p ic tu res  were taken t o  ind ica te  the flow 
pa t t e rn  f o r  se lected configurations.  

Three ranges (5,  10, and 50 p s i a )  of strain-gage pressure c e l l s  were 
employed. These were i n s t a l l e d  so t h a t  the  range of the  c e l l  was capable of 
measuring the  maximum expected pressures a t  a given locat ion f o r  the  t e s t s  a t  
a Mach number of 7.4.  The estimated maximum e r ro r s  i n  t he  data  a r e  l i s t e d  
i n  the  following t ab l e  : 

In general  the  da ta  a t  M = 7.4 repeated within one-half of 
the  above estimated e r ro rs .  

The maximum estimated e r r o r  i n  angle of a t tack,  including 
poss ible  va r ia t ions  i n  the f r e e  -stream angulari ty,  was 
to .  3'. 

RESULTS AND DISCUSSION 

The measured body surface  pressures ( i n  coef f i c ien t  form) a r e  presented 
i n  f igure  8. The various r e s u l t s  obtained with the  controls  a,re presented 
i n  f igures  9 through 18 and the  r e su l t s  of a p i t o t  survey of the  flow f i e l d  
near the  body a r e  presented i n  f igures  19 through 25. Additional information 
regarding control  a spec t - ra t io  e f f ec t s  i s  presented i n  f igures  26 through 34. 



Contours of constant pressure coefficient, presented in figures 9, 12, 
19, 26, and 27, are intended primarily for orienta,tion purposes, since con- 
siderable interpola,tion and extrapolation of experimental da,ta was necessary 
in the construction of these figures. The spanwise pressure gradients were 
in general a,n order of magnitude less than the chordwise pressure gradient 
on the symmetrical flaps tested (figs. 9, 12, 26, a,nd 27). Hence, only the 
pressure distribution on the flap center line will be discussed for these 
flaps. 

Body Surface Pressures 

Only a sampling of data was taken on the M-lbody without controls. 
The results, figure 8, are in good agreement with the previous test results 
of Sarabia, reference 3. For the basic body, estimates based on impact the- 
ory agree qu.ite closely with experimental results (fig. 8). The effects of 
flap deflection on body surface pressures will be discussed in the sections 
on side flaps and aspect-ratio effects. 

Flap Surface Pressures 

The pressure coefficients calculated by means of impact theory have 
been included on the figures with the measured flap-pressure coefficients to 
indicate the degree of correlation. 

. -  The average pressure coefficients on the pitch of flaps, 
figures 10 and 30, were computed on the basis of equal areas of influence 
for the pressure measured at each orifice. Computations of the average 
pressure coefficients were also made from the incremental pitching-moment 
data of reference 2, with pressure assumed to be uniform on the entire flap. 
The average pressure coefficients computed by these two methods were in good 
agreement. 

The average pressure coefficients on the lower flap were approximately 
those estimated by means of impact theory. However, the maximum pressure 
coefficients on the lower flap were much greater than those predicted. The 
flow impinging on the flap was compressed by a system of multiple oblique 
shock waves and, hence, to a higher pressure than possible by a normal shock 
wave, but the maximun pressure coefficient allowed in impact theory corre- 
sponds to the total pressure behind the normal shock. 

The discontinuities in maximum pressure coefficient shown in figures 
10 and 30 for the same flap deflections relative to the air stream (e. g., 
62 f CL + 6.6' = 81') were the results of differences in the body-induced 
flow field caused by different body angles of attack. 

The slope discontinuities in the maximum pressure coefficient for the 
60' a,nd 90° deflected lower flap resulted from not having a pressure orif ice 



availa,ble a t  the point  of CPmax f o r  a l l  t e s t  conditions. The probable 
var ia t ion  of maximum pressure coef f ic ien t  may be estimated i f  the  pressures 
measured by the various o r i f i c e s  on the  f l ap  a re  p lo t ted  a s  a function of 
angle of a t t ack  ( f i g .  11). 

The average a,nd maxinium pressure coeff ic ients  on the  upper f l a p  were, 
i n  general,  lower than those predicted from impact theory. The flow imping- 
ing on the  f l a p  has been compressed by the bow shock wave, expanded around a 
corner, and then recompressed by the  shack wave ahead of the  f l ap .  The s tag-  
nation pressure of t h i s  flow may be higher or  lower than the  pressure behind 
a s ingle  normal shock wave, depending on the  strengths of the  shock waves 
and the  degree of expansion. 

Side f l a p . -  The s ide  f l a p  having an aspect r a t i o  of 0.6 i s  the  yaw-roll 
f l a p  with zero r o l l  def lect ion of the  quarter  segment and i s  the  same as  the 
s ide  f l a p  of control  s e t  I1 of reference 3. The cor re la t ion  of experimental 
r e s u l t s  and impact theory was s imilar  t o  t h a t  of the  lower p i tch  f l ap .  That 
i s ,  f o r  30° f l a p  deflections agreement was reasonable while f o r  deflections 
of 60' afid 90' some measured pressure coeff ic ients  were extremely high and 
varied markedly over t he  control  surface.  For these cases, as  f o r  the  lower 
p i t ch  f l ap ,  impact theory i s  c l ea r ly  not applicable ( f i g .  13 ) .  

Deflections of the  s ide  f l a p  of 60' and 90' caused increases of up t o  
50 percent i n  the surface pressure on the body upstream of the  f l a p  although 
a l l  body pressures a r e  small r e l a t i ve  t o  the f l a p  pressures.  For the  60' 
def lected f l a p  t h i s  region of increased pressure i s  near the  base of the  f l ap ,  
while f o r  the  90' deflected f l a p  it extends beyond 0.3 of the  body length 
ahead of the  f l ap .  

The e f f ec t  of introducing a gap between the  hinge l i n e  of the  f l a p  and 
the  base of the  body, i n  addi t ion t o  the  s l o t  o r  gu t t e r  shown i n  f igure  3 ( b ) ,  
was investigated.  The f l aps  were located 0.013 base diameter from the  model 
base with a gap width of approximately 60 percent of the  f l a p  width. The 
introduction of the  gap f o r  the  90° deflected f l a p  caused the  bow shock wave 
t o  move toward the  body and caused higher maximum pressure coeff ic ients  a s  
shown i n  f igure  14 .  As was noted i n  reference 2, an unsteady motion of the  
shock wave exis ted ahead of the f l a p  as  normally mounted on the  body. Multi- 
p l e  exposure shadowgraphs of the  model ( f i g .  15 ) show t h a t  the introduction 
of the  gap decreases the  unsteady motion of the  shock wave. 

Yaw-roll f l ap s . -  The yaw-roll f l aps  were t e s t ed  on both s ides  of the  
body such t h a t  the  ro l led  quar ter  segment ( f i g s .  3 ( b )  and 7 ( b ) )  was a t  the  
top when the  f l ap  was mounted on the  l e f t  s ide  of the  body and a t  the  bottom 
when mounted on the  r i g h t  s ide .  Figures 16 t o  18 present the  r e s u l t s  f o r  the  
yaw-roll f l a p .  The pressure on the  r o l l  segment of the f l a p  i s  p lo t ted  as  a 
function of the  r e l a t i ve  angle, 11, between t he  stream d i rec t ion  and the  normal 
t o  the  r o l l  segment i n  f igure  16. The f igure  was p lo t ted  i n  t h i s  manner t o  
indicate  the large in terference e f f ec t s  possible on t h i s  type of f l a p  con- 
f igurat ion.  The pressures measured by the two o r i f i c e s  of the 90' - 90' f l a p  
a t  near 80' d i f f e r  beca,use of the  pressure gradients i n  the  flow f i e l d .  
These inboard-outboard pressures a l so  d-iffer from those on the  30'- 90' f l ap  



a t  .q near 80' because the  angle of a t t a ck  of the  body i s  d i f f e r en t  i n  these  
two cases with resu l t ing  changes i n  the body flow f i e l d .  The change i n  the  
flow f i e l d  with angle of a t t a ck  causes the extreme var ia t ion  of pressure 
observed on the  60°- o0 f l ap .  

Fxamples of the in terference e f f e c t  of the  yaw segment of the  yaw-roll 
f l a p  on the  r o l l  segment pressure coef f i c ien t s  a r e  i l l u s t r a t e d  i n  f igure  17.  
hken though, from the  Newtonian flow viewpoint,the r o l l  f l a p  was t heo re t i c a l l y  
shielded,  f o r  6r = 90' on the  r i g h t  s ide  pressure coef f i c ien t s  were approx- 
imately equal  t o  those a t  = 0'. 

The in terference e f f e c t  of the  r o l l  segment of the  f l a p  upon the  yaw 
element i s  i l l u s t r a t e d  i n  f igure  18. It may be noted t h a t  large  def lec t ions  
of the  r o l l  element resu l t ed  i n  l a rge  increases i n  the  pressure l e v e l  on the  
yaw por t ion of the  f l ap .  

Body Pressure Fie ld  

Diagrams of the  l o c a l  p i t o t  pressure coef f i c ien t  i n  the  flow f i e l d  about 
the  model i n  the  plane of the  base a r e  presented i n  f igure  19. The va r i a t i on  
of pressure coef f i c ien t  f o r  each p i t o t  tube a s  the  angle of a t t a ck  changes 
i s  shown i n  f igure  20. The pi to t -pressure-coeff ic ient  p ro f i l e s  of the  flow 
f i e l d  a r e  presented i n  f igures  21 t o  25. The p i t o t  pressure rakes were 
r i g i d l y  at tached t o  the base of the  model a s  shown i n  f igure  5 with t he  
probes oriented a,pproximately i n  the  l o c a l  flow direct ions  when t he  model 
was a t  O0 angle of a t t ack .  The p i t o t  pressure coef f i c ien t s  presented have 
not  been corrected f o r  probe misalinement with the  l o c a l  flow. 

The rnove~nent of the bow shock wave with changes i n  model a t t i t u d e  may 
be noted by the  steep r i s e  i n  pressure measured by the  p i t o t  pressure tube 
as  it entered t he  region between the  bow shock wave and the  body. A s  t he  
angle of a t t a ck  was increased, t h a t  por t ion of the  bow shock wave which was 
upstream of the  conical  lower surface moved away from the  body (see f i g .  20).  
This behavior (discussed i n  r e f .  4 )  i s  normal f o r  a 30° half-angle cone a t  
t h i s  Mach number. The g rea te r  apparent bluntness of the  bottom surface a s  
the  model was pitched t o  pos i t ive  angles reduced the  peak pressure c o e f f i -  
c i en t s  over the  e n t i r e  conical  surface as  shown i n  f igures  21 and 22. The 
t heo r e t i c a l  curves i n  f igure  23 were computed from a blunt-body and method- 
of -charac te r i s t i c s  solut ion f o r  the  flow about a spher ical ly  blunted 30' 
hal f  -angle cone at  0' angle of a t t a ck  (measured from the  cone a x i s ) .  The 
da ta  i n  t h i s  f igure  were measured a t  a cone angle of a t t a ck  of 1 . 6 O  ( a  = -5' 
measured from the  model reference p lane) .  The agreement between theory and 
experiment i s  qui te  good. 

The low-pressure l aye r  was from 0 .1  t o  0.2 base diameter th ick  above the  
P l a t  upper surface f o r  a l l  angles of a t t ack  t e s t ed  (see  f i g s .  24 and 25 ) . 
The low-pressure coef f i c ien t s  a t  z/d = 0.06 ( f i g .  24) a r e  believed t o  be 
the  r e s u l t  of vortex flow generated a t  the  nose of the model. (see  f i g .  19 . )  



Flap Aspect-Ratio Effects  on Su-rface Pressures 

The surf  ace -pressure d.istrib~xtions and pea,k pressures on the  p i t ch  f l a p  
were strongly influenced by varying the aspect  r a t i o  ( f i g s .  26 t o  30) .  The 
maximum pressure coef f i c ien t  measured was 9.41 f o r  the  lower fla,p of A = 0.5 
def lec ted 90' with the  body a t  -5' angle of a t t ack .  This was considerably 
higher than the  value of 6.35 measured by the  p i t o t  rake i n  the  body flow 
f i e l d .  The maximum pressure coef f i c ien t  measured on a 60' def lec ted f l a p  
was 4.94 ( f i g .  13 ) .  The locat ions  of maximum pressure f o r  f l ap s  def lec ted 
60° and 90° were fu r t he r  outboard than t h a t  indica'ted by the  pressure rakes, , 
except f o r  the  90' def lec ted f l a p  a t  angles of a t t a ck  g rea te r  than 7'. For 
t h i s  case the  maximum pressure occurred i n  the  region near the  f l a p  hinge 
l i n e .  Comparison of the  average pressures shown i n  f igure  3 1  (obtained by 
f a i r i n g  the  data  presented i n  f i g s .  10  and 30) on t he  f l ap s  of various aspect  
r a t i o s  revealed di f ferences  i n  a s  g r ea t  a s  1.0, depending on the  f l a p  

def lec t ion and model angle of a t t ack .  Varying the  aspect  r a t i o  apparently 
r e su l t s  i n  a complicated in te rac t ion  with the  body generated flow f i e l d  and, 
hence, no general  conclusion seems possible without considerably more knowl- 
edge of the  complex flows t h a t  r e s u l t  from these  in te rac t ions .  

A 60' de f lec t ion  of the  lower f l a p  of aspect  r a t i o  1 . 0  increased the  
pressure coef f i c ien t  on the  conical  surface of the  body i n  the  region of the 
base of f l a p  by a s  much a s  0.4,but no e f f e c t  was noted f o r  the  f l a p s  of lower 
aspect  r a t i o  ( f i g .  32 (b ) ) .  For the  90' def lec ted lower f l ap ,  i n  the  angle-  
of-httack range from -5' t o  +5O, the  high pressure region on the  surface of 
the  body i n  the  region of the  base moves upstream a s  t he  aspect  r a t i o  i s  
increased. This behavior would be expected f o r  a separated flow region a t  the  
base of the  f l ap ;  however, no explanation i s  offered f o r  t he  apparent decrease 
i n  pressure near the  base of the  f l a p  (SF = 1 . 0 )  f o r  the  f l ap s  of higher 
aspect  r a t i o .  In  the  angle-of -at tack range from 10' t o  1 5 O ,  t h e  separated 
region and associated higher pressures on the  body surface moved s l i g h t l y  
upstream as  the  aspect  r a t i o  increased. The surface pressures upstream of 
the  upper p i t ch  f l a p  were increased only when the f l a p  was def lec ted 90°, f o r  
aspect  r a t i o s  equal t o  o r  g rea te r  than 0.5, and the  model angle of a t t a ck  was 
l e s s  than about 10' (see  f i g .  33).  

Providing a gap between the  base of the  body and the  hinge l i n e  of the  
f l a p  generally increased the  pressure gradients on the  f l a p  and reduced the  
unsteady movement of the  shock wave upstream of the  f l a p .  

SUMMARY OF RESULTS 

An experimental invest igat ion of the  M - 1  en t ry  configuration at,Mach 
numbers of 7.4 and 10.4, a t  Reynolds numbers of 800,000 and 600,000, respec- 
t ive ly ,  has been made t o  determine the pressure d i s t r ibu t ions  on various 
controls ,  and the  l ayer  between the  bow wave and the body. The e f f ec t s  of 
aspect  r a t i o  on f l a p  pressure d i s t r ibu t ion ,  the  e f f e c t  of f l a p  def lec t ion  



and f l a p  aspect  ra,tio on body surfa,ce pressures,  and the e f f e c t  on f l a p  p r e s -  
sure  d i s t r i bu t i on  of a gap between the  base of the  body and hinge l i n e  of the  
f l a p  were a l s o  invest igated.  

The l o c a l  pressures on the  base-mounted, f lap-type controls  were s t rongly  
influenced by the  flow f i e l d  generated by the  body, and pressure coef f i c ien t s  
as  high as  9 .41 were measured on the  90' def lec ted f l ap s .  For f l a p  def l e c  - 
t ions  l imi ted t o  60°, however, the maximum measured pressure coe f f i c i en t  was 
4.94. For compound f l a p  controls ,  such as  the  yaw-roll controls  t e s ted ,  the  
mutual in terference e f f ec t s  between the  control  segments became qu i te  no t ice -  . 
ab le .  

Varying the  aspect r a t i o  of t he  f l ap s  d id  not produce consis tent  r e s u l t s  
f o r  the  two f l a p  def lec t ion  angles (60' and 90') t e s t ed .  A t  the same def lec-  
t i o n  angles and a t  the  same angles of a t tack,  varying the  aspect  r a t i o  of the  
f l ap s  caused changes i n  l o c a l  surface-pressure coef f i c ien t  of as much as  4.7. 

The e f f ec t  of f l a p  def lec t ion  upon body surface pressures w a s  negl ig ible  
beyond 0.2 of the  f lap-to-stagnation-point  distance upstream from the  f l a p  
f o r  a l l  of the  f l ap s  t e s t ed  up t o  60° def lec t ion.  The l a rge s t  increases i n  
pressure coef f i c ien t  on the  body were 0 .4  f o r  the  lower f l a p  def lec ted 60' 
and 0.8 f o r  a 90' def lec t ion.  

Providing a gap between the  base of the  body and the  hinge l i n e  of the  
f l a p  generally caused g rea te r  pressure gradients on the  f l a p  and reduced the  
unsteady movement of the  shock wave upstream of the f l ap .  

Ames Research Center 
National Aeronautics and Space Administration 

Moff e t t  Field, Cal i f . ,  June 18, 1964 
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Figure 1.- Schematic sketch of the 3.5-foot hypersonic wind tunnel. 



I-' 
IV 

Figure 2.- Test section of the Ames 3.5-foot hypersonic wind tunnel. 
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( a )  M - 1  body. 

Figure 3 . -  Dimensions of t h e  b a s i c  body and c o n t r o l  s e t  11. 
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( b )  Control s e t  11. 

Figure 3. - Concluded. 
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Figure 4.- Location of pressure orifices on the body and flaps. 
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Figure 5 . -  Location of pressure  rakes 

Lower rake 

near t h e  base of t h e  body. 



(a) 6 = 90' p i t c h  f l a p s  ( A =  1 . 0 ,  0.6, 0.5, and 0.333) and the  back of the  
6 = 60' p i t c h  f l a p  ( A  = 0 . 5 ) .  

A-28552  

( b )  Upper a,nd lower pressure rakes.  

Figure 6 . -  Representative p i t c h  f l a p s  of d i f f e r e n t  aspect  r a t i o s  a,nd the  
pressure rakes i n  an off  center- l ine  pos i t ion .  



A-28549 

(a) Test configuration with two pitch flaps. 

A-28550 

(b ) Test configuration with yaw -roll flaps. 

Figure 7.- Representative test configurations. 
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(a) Conical surface, cp = 0'. 

o M=7.4 
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M = 6.0, ref. 3 

P I ------ Impact theory; 
Cpmo; 2.000 

Modified impact 
- - theory; 
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s / S  

0 
(b ) Conical surface, (Q = 90 . 

(c ) Flat upper surface, cp = 180~. 

Figure 8.- Pressure-coefficient distribution on the basic M-lbody at a = 0 
0 

and M = 7.4. 
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(a) Upper pitch flap. 
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(b) Lower pitch flap. 

Figure 9.- Isobar diagrams of pressure-coefficient distributions on A = 1.0 flaps for various 
deflections at a = 0' and M = 7.4. 
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Figure 10. - Maximum and average pressure coefficients on upper and lower pitch flaps (A = 1) as a 
function of the angle between the free stream and the flap at M = 7.4. 



0 
(a) 62 = 60, A = 1.0 

0 (b) 62 = 90 , A = 1.0 

Figure 11.- Variation of pressure coefficient with angle of attack on 
selected pitch flaps at M = 7.4. 



Hinge I line 

(a) M = 7.4 

(b) M = 10.4 

Figure 12.- Isobar diagrams of pressure-coefficient distributions o on right-side flap for various 
deflections at a = 0 . 



Figure 13.- Pressure-coefficient distributions along the body and the center 
line of the right -side flap (A = 0.6 ) at M = 10.4. 
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r Flogged points not on Q 
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gap 

Figure 14.- Effect of gap on pressure-coefficient distribution along the 
0 center line of the side flap at a = 0 . 



0.141-inch gap. No gap. 

Figure 15 . -  Effect  of gap on the  unsteady loca t ion  of shock waves f o r  t h e  r i g h t  
sid-e f l a p ,  6R = 90' and a = oO, a t  M = 7.4. 



Figure 16.- Pressure coefficient on the roll-flap segment versus the angle 
between the free-stream direction and the norma,l to the roll segment at 
r4 = 7.4. 
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Figure 17.- Pressure on the roll segment of the yaw-roll flap versus roll-flap deflection for 

6~~ and 6yR = 30' at M = 7.4 
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(a) a = -5O ( b )  a = 13O 

Figure 18. - Pressure -coef f i c i e n t  d i s t r i b u t i o n  on yaw segment of yaw-rol l  f la,p 
a s  a  funct ion  of r o l l - f l a p  d-eflect ion f o r  &YL and BgR = 3 O0 a,t M = 7.4. 
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Figure 19.- Pitot-pressure-coefficient diagram of the flow field about the 
M - 1  body at M = 7.4. 



Unit pressure 
Fraction pressure - - 
Uncertain pressure - --- - - 

0 
(b) a = 0 

Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19. - Continued. 
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Figure 19. - Concluded. 
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( a )  Upper rake. 

( b )  Lower rake. 

Figure 20.- Pi to t -pressure  coeff ic ients  i n  the  flow f i e l d  about the  M - 1  

Upper rake nototion 
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body a t  M = 7 . 4 .  



Figure 21.- Pitot-pressure-coefficient profiles through the flow field about the conical surface of 
the M-1 body at M = 7.4. 



Lower 
rake 

Figure 22.- Pitot-pressure-coefficient profiles through the flow field about the conical surface of 
the M-1 body at M = 10.4. 
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Figure 23.- Pitot-pressure-coefficient profiles normal to the conical surface. 



Figure 24.- Pitot-pressure-coefficient profiles through the flow field about the 
the M-1 body at M = 7.4. 

upper .surface of 



- - 

Figure 25.- Pitot-pressure-coefficient profiles through the flow field about the upper surface of 
the M-1 body at M = 10.4. 
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Figure 26.- I sobar  diagrams of p re s su re -coe f f i c i en t  d i s t r i b u t i o n s  on lower 
p i t c h  f l a p s  of var ious  output  r a t i o s ;  62 = 90°, M = 7.4.  
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Figure 27.- Isobar diagrams of pressure-coefficient distributions on upper 
pitch flaps of various a.spect ratios; Eu = 90°, M = 7.4. 
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Figure 28.- Pressure  
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( a )  90° d e f l e c t i o n .  

. c o e f f i c i e n t  d i s t r i b u t i o n s  along t h e  cen te r  l i n e  of lower p i t c h  f l a p s  of 
var ious  a spec t  r a t i o s ;  M = 7.4 .  
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Figure 28.- Concluded. 
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Figure 29.- Pressu re -coe f f i c i en t  d i s t r i b u t i o n s  along t h e  center  l i n e  of upper f l a p s  of 
var ious  a spec t  r a t i o s ;  M = 7 . 4 .  



6 ,  - cr - 6.6", deg 6 ,  + a + 6.69 deg 

( a )  A = 0.6 

Figure 30.- Maximwn and average pressure  c o e f f i c i e n t s  on upper and lower p i t c h  f l a p s  a s  a  funct ion  of 
t h e  angle between t h e  f r e e  stream and t h e  f l a p  a t  M = 7.4. 
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Figure 3 0. - Concluded. 
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(b) 60° deflection. 

Figure 32.- Pressure-coefficient distribution on the body upstream from lower flaps of various 
aspect ratios; M = 7.4. 
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Figure 33.- Pressure-coefficient distribution on the body upstream from upper flaps of various 
aspect ratios; M = 7.4. 



Figure 34 . -  Effec t  of aspect  ra , t io  on t h e  usteady loca t ion  of shoclc waves 
wi th  the  l o % ~ e r  f l a p  de f l ec ted  90' a t  n = 0' and M = 7 .4 .  
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